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Studies on carotenoids in petals of Compositae plants
Sanae Kishimoto
Summary
Chrysanthemum (Chrysanthemum morifolium Ramat.) is one of the most important ornamental plants in the 
world, and its range of petal colors originates mainly from carotenoid and anthocyanin pigments. It is known 
that the orange color in chrysanthemum petals, which results from the mixture anthocyanins and carotenoids, 
lacks brightness. In addition, yellow- and white-flowered cultivars are in great demand for funeral ceremonies 
in Japan, but the quality for cut flowers from yellow-flowered cultivars is generally lower than that of white-
flowered cultivars. For this reason, the production of yellow-flowered cultivars has been falling gradually. 
Because of the importance of controlling flower color, the carotenoid components and the genetic causes 
that regulate the flower color due to the presence of carotenoids were analyzed in the petals of plants in the 
Compositae.
Twelve chrysanthemum cultivars with petal color ranging from pale yellow to deep red were analyzed by 
means of high-performance liquid chromatography. No difference was found in their carotenoid composition, 
but  xanthophylls were identified by means of nuclear magnetic resonance (NMR) analysis. Among them, 
(S,S,R,'R,'R)-,-dihydro-,-dihydroxylutein and five di-Z geometrical isomers of lutein-,-epoxide had 
never before been identified as natural products.
The carotenoid composition, carotenoid content, and expression of genes encoding carotenoid biosynthetic 
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enzymes were also analyzed using the petals and leaves of yellow- and white-flowered chrysanthemums. 
Most of the carotenoids in yellow petals were Ǫ,ǭ-carotenoids, lutein and its derivatives, reflecting the high 
expression levels of the gene for lycopene ǭ-cyclase (LCYE). In contrast, the ratios of Ǫ,Ǫ-carotenoids to 
total carotenoids in leaves were higher than those of Ǫ,ǭ-carotenoids to total carotenoids, reflecting the high 
expression levels of the gene for lycopene Ǫ-cyclase (LCYB). A between-cultivar comparison of the expression 
of the genes encoding carotenoid biosynthetic enzymes in the petals showed no distinct differences between 
petal colors. The expression of CmCCD1, a highly conserved homologue of the gene for carotenoid cleavage 
dioxygenase derived from the petals of white-flowered chrysanthemum, was then analyzed. Real-time PCR 
analysis showed that all white petals that were tested had high levels of expression of CmCCD1, which was not 
detected in yellow petals. Significant expression of CmCCD1 was strictly limited to the flower petals, therefore 
we hypothesized that the formation of white petal color resulted from neither down-regulation nor destruction 
of the carotenoid biosynthesis pathway, but rather to enzymatic cleavage of carotenoids into colorless 
compounds.
Petals of orange- and yellow-flowered cultivars of nine Compositae species were analyzed to determine total 
anthocyanin content, total carotenoid content, and carotenoid composition in order to clarify the mechanisms 
responsible for differences in petal color. It became clear that the differences in petal color between orange- 
and yellow-flowered cultivars were caused by differences in three factors: total anthocyanin content, total 
carotenoid content, and carotenoid composition. Calendula (Calendula officinalis L.) was one plant that differed 
in carotenoid composition between orange- and yellow-flowered cultivars. Nineteen carotenoids were identified 
in extracts from the petals of orange- and yellow-flowered cultivars of calendula by means of NMR analysis, 
and  of them were unique to the orange-flowered cultivars. These  were reddish, and it was clear that 
they were responsible for the orange color of the petals. Among them, (Z,Z)-lycopene, (Z,Z,'Z)-lycopene, 
(Z,Z,'Z,'Z)-lycopene, ('Z)-ǫ-carotene, and ('Z,'Z)-rubixanthin had never before been identified as natural 
compounds. Since these (Z)- or ('Z)-carotenoids are unique to orange-flowered cultivars and since yellow-
flowered cultivars do not accumulate any Z or 'Z compounds, it appears that C- isomerization activity exists 
only in orange-flowered cultivars.
Key Words:Chrysanthemum morifolium Ramat., Calendula officinalis L., Compositae, petal color, carotenoids, 
biosynthetic pathways, isomers
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Figure . Flowers of chrysanthemum cultivars used for the experiment.
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Figure . Carotenoid analysis in petals of chrysanthemum cultivars. 
ޓޓޓޓޓPeak numbers as in Table .
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Table ޓMajor carotenoid peaks in petals of chrysanthemum detected by HPLC analysis.
Peak no. Rt(min) Absorption maxima (nm)
 . , , 
 . , , 
 . , , 
 . , , 
 . , , 
 . , , 
 . , , 
 . , , 
 . , , 
Table ޓStandards used in this study.
Standards Rt(min)
Absorption maxima
(found value, nm)
Absorption maxima
(literature data, nm)
Violaxanthin . , ,  , , 
'Z-Neoxanthin . , ,  , , 
Lutein . , ,  , , 
Zeaxanthin . S, ,  , , 
Ǫ-Cryptoxanthin . S, ,  , , 
ǩ-Carotene . , ,  , , 
Ǫ-Carotene . , ,  , , 
Table ޓTotal carotenoid  and anthocyanin contents, and chromaticity in petals of  chrysanthemum cultivars.
Cultivars
Total carotenoid 
content a
(Ǵg/g f. w.)
Total anthocyanin 
content b
(Ǵg/g f. w.)
Chromaticity
L a* b*
Arietta . . . . . 
Sei-paprika . . . . . 
Holina . . . . . 
Red Nero . . . . . 
Red Rijego . . . . . 
Aglow . . . . . 
Dramatic . . . . . 
Dark Dramatic . . . . . 
Sunny Orange . . . . . 
Canaria . . . -. . 
Yellow Paragon . . . -. . 
Syuho-no-chikara . . . -. . 
a㧦 Lutein equivalent 
b㧦 Cyanidin 3-rutinoside equivalent 
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Figure . Correlation between total carotenoid and anthocyanin contents, and chromaticity in petals of  chrysanthemum 
cultivars. (A) Correlation between total carotenoid content and yellowness. (B) Correlation between total anthocyanin 
content and redness. (C) Correlation between total anthocyanin content and lightness. (D) Correlation between 
lightness and redness.
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Figure . HPLC separation of carotenoids of an extract of chrysanthemum petals
ޓޓޓޓޓ(cv. ̈ Sunny Orangẻ). Peak numbers as in Table .
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Table ޓCarotenoid composition in petals of chrysanthemum (cv. ̈ Sunny Orangẻ).
Peak no.
(Fig. -)
Carotenoids % of total carotenoids
 (S,S,R,'R,'R)-,-Dihydro-,-dihydroxylutein () .
 (Z,'Z)-Lutein-,-epoxide () .
(Z,'Z)-Lutein-,-epoxide () .
 ('Z,'Z)-Lutein-,-epoxide () .
 (Z,Z)-Lutein-,-epoxide () .
 (all-E)-Lutein-,-epoxide () .
 (Z,'Z)-Lutein-,-epoxide () .
(Z)-Violaxanthin .
 (S)-Lutein-,-epoxide (= chrysanthemaxanthin) .
 (R)-Lutein-,-epoxide (= fl avoxanthin) .
(Z-'R)-Luteoxanthin .
 ('Z)-Lutein-,-epoxide () .
 (Z)-Lutein-,-epoxide () .
 (all-E)-Lutein .
 (Z)-Lutein .
 ('Z)-Lutein .
Table ޓH ( MHz) and C ( MHz) NMR data for  in CDCl
Position ǬC (mult.) ǬH (mult., JHz) Position ǬC (mult.) ǬH (mult., JHz)
   . (s) '   . (s)
   . (t) ǩ. (dd)b '   . (t) ǩ. (dd, , )
Ǫ. (dd, ., ) Ǫ. (dd, , .)
   . (d) . (m) '   . (d) . (m)
   . (t) . (m) ' . (d) . (s)
. (m)
   . (s) ' . (s)
   . (s) '   . (d) . (d, )
 . (d) . (d, .) ' . (d) . (dd, ., )
 . (d) . (d, .) ' . (d) . (d, .)
 . (s) ' . (s)
 . (d)a . (d, .) ' . (d) . (d, )
 . (d) . (dd, ., .) ' . (d) . (dd, ., )
 . (d) . (d, .) ' . (d) . (d, .)
 . (s) ' . (s)
 . (d) a . (m) ' . (d) . (m)
 . (d) . (m) ' . (d) . (m)
   . (q) . (s) '   . (q) . (s)
   . (q) . (s) '   . (q) . (s)
   . (q) . (s) '   . (q) . (s)
   . (q) . (s) '   . (q) . (s)
   . (q) . (s) '   . (q) . (s)
a Assignments may be interchanged.
b Signal overlappe
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㧞㧕.WVGKPGRQZKFG ߩ┙૕⇣ᕈ૕ߩ᭴ㅧ᳿ቯ
  ⒳㘃ߩ lutein-,-epoxideߩ┙૕⇣ᕈ૕ [Z,'Z (, 
ࡇ࡯ࠢ ), Z,'Z (, ࡇ࡯ࠢ㧞), 'Z,'Z (,ࡇ࡯ࠢ ), 
Z,Z (, ࡇ࡯ࠢ ), all-E (, ࡇ࡯ࠢ ), Z,'Z (, ࡇ࡯ࠢ
), 'Z (, ࡇ࡯ࠢ ), and Z (,ࡇ࡯ࠢ )]ࠍಽ㔌ߒߚ
㧔╙ ࿑㧕㧚ߎࠇࠄߩ߁ߜ㧘⒳ߩ di-Z૕ߪᣂⷙࠞࡠ࠹ࡁ
ࠗ࠼ߢ޽ࠅ㧘H NMRࠬࡍࠢ࠻࡞ಽᨆߦࠃߞߡ᭴ㅧ᳿
ቯࠍⴕߞߚ㧚H NMRࠪࠣ࠽࡞ߪ H-H COSY, NOESY
߅ࠃ߮ H-H decoupling᷹ቯߦࠃߞߡᏫዻࠍ᳿ቯߒߚ㧚
╙  ⴫ߪ all-E૕ߣ di-Z⇣ᕈ૕ߩࡐ࡝ࠛࡦ㎮ㇱಽߩ H 
NMRࠪࠣ࠽࡞ࠍᲧセߒߚ߽ߩߢ޽ࠆ㧚ߎࠇࠄߩ┙૕㈩
⟎ߪ H NMRࠪࠣ࠽࡞ߩ⇣ᕈൻࠪࡈ࠻୯ (ǍǬ= ǍZ - Ǎ
E) (Englert, ) ߅ࠃ߮ NOESY⋧㑐߆ࠄ᳿ቯߐࠇߚ
㧔╙  ⴫㧘╙  ࿑㧕㧚଀߃߫ (Z,Z)-lutein-,-epoxide 
()ߩ႐ว㧘H-, H-, H- ߅ࠃ߮ H- ૏ߩ H NMRࠪ
ࠣ࠽࡞୯ߪ all-E૕ߦᲧߴߡᄢ߈ߊૐ⏛႐ࠪࡈ࠻ߒߚ৻
ᣇߢ㧘H- ߅ࠃ߮ H- ૏ߪ㜞⏛႐ࠪࡈ࠻ߒߚ㧚ߎࠇࠄ
ߩ⇣ᕈൻࠪࡈ࠻ࡄ࠲࡯ࡦߪ Englert ()߇ႎ๔ߒߚ㧘
Z,Z┙૕㈩⟎ߩ․ᓽߣ৻⥌ߒߚ㧚ߐࠄߦ㧘H-/H-, 
H-/H-, H-/H- ߅ࠃ߮ H-/H- ߩ㑆ߢ⹺߼ࠄࠇ
ߚ NOESY⋧㑐߽ Z,Z┙૕㈩⟎ߣ৻⥌ߒߚ⚿ᨐࠍ␜
ߒ㧘ൻว‛ ߪ (Z,Z)-lutein-,-epoxideߢ޽ࠆߣ᳿ቯ
ߒߚ㧚(Z,'Z)- (), (Z,'Z)- (), ('Z,'Z)- () ߅ࠃ߮ 
(Z,'Z)-lutein-,-epoxide ()ߦߟ޿ߡ߽ห᭽ߩᚻᴺߢ┙
૕㈩⟎ࠍ᳿ቯߒߚ㧚
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Figure . Structures of (S, S, R, 'R, 'R)-,-dihydro-,-dihydroxylutein () and putative biosynthetic pathway of .
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Figure . Structures of eight geometrical isomers of lutein-,-epoxide identifi ed in this study.
Table ޓH ( MHz) NMR data relevant to the polyene part of (all-E)- and (di-Z)-lutein-,-epoxide in CDCl
All-E () 9Z,9'Z () Z,Z () 9Z,13'Z () 9'Z,13'Z () 13Z,9'Z ()
Position Ǭ Ǭ ǍǬa Ǭ ǍǬ Ǭ ǍǬ Ǭ ǍǬ Ǭ ǍǬ
H- . . . . . . . . . .
H- . . . . . . . . . .
H- . . . . . . .
H- . . – . . – . . -. . . .
H- . . . . . . . . .
H- . . – . . . . – . . . .
H- . . . . . .
H- . . . – . . – . . . – .
H- . . – . . . . – . . – . . .
H-' . . – . . – . . . . . . – .
H-' . . . – . . – . . – . .
H-' . . . . . . .
H-' . . – . . . . . . . – .
H-' . . . . . – . . . . .
H-' . . – . . . . . – . . – .
H-' . . . . . .
H-' . . . . . . . . .
H-' . . . . . . . . . .
a Isomerization shift (ǍǬ=ǬZ – ǬE, |ǍǬ| > . ppm)
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㧟㧕ߘߩઁߩࠞࡠ࠹ࡁࠗ࠼ߩหቯ
਄ㅀߩࠞࡠ࠹ࡁࠗ࠼ߦട߃㧘ᣢ⍮ߩࠞࡠ࠹ࡁࠗ࠼ 
⒳ࠍ UV-Vis, H NMR߅ࠃ߮ FAB-MSࠬࡍࠢ࠻࡞⸃ᨆ
߆ࠄหቯߒߚ㧚(Z)-violaxanthin (ࡇ࡯ࠢ ), (S)-lutein-
,-epoxide (ࡇ࡯ࠢ ), (R)-lutein-,-epoxide (ࡇ࡯ࠢ
), (Z-'R)-luteoxanthin (ࡇ࡯ࠢ ), (all-E)-lutein (ࡇ࡯
ࠢ ), (Z)-lutein (ࡇ࡯ࠢ )߅ࠃ߮ ('Z)-lutein (ࡇ࡯
ࠢ ) ߢ޽ࠆ (╙ ⴫㧘╙ ࿑ )㧚ߎࠇࠄߩࠞࡠ࠹ࡁࠗ
࠼ߪߔߴߡࠠࠨࡦ࠻ࡈࠖ࡞ߦಽ㘃ߐࠇߚ㧚(all-E)-lutein, 
(Z)-lutein, ('Z)-lutein, (Z)-violaxanthin, , ߅ࠃ߮ ߪ
Tóth࡮Szabolcs ()ߦࠃߞߡߔߢߦࠠࠢ⧎ᑯਛߦሽ
࿷ߔࠆߎߣ߇ႎ๔ߐࠇߡ޿ࠆ㧚ߒߚ߇ߞߡ㧘ᧄ⸃ᨆߢߪ
ࠠࠢ⧎ᑯߦሽ࿷ߔࠆ ⒳ߩࠞࡠ࠹ࡁࠗ࠼ࠍᣂߚߦหቯߒ
ߚ㧚
㧟㧚⠨ޓኤ
(S,S,R,'R,'R)-,-dihydro-,-dihydroxylutein ()
ߩวᚑൻว‛ߪ (S,S,R,'R,'R)-lutein-,epoxideߩࠛ
ࡐࠠࠪⅣࠍⓏ߿߆ߦ᳓㉄ൻߔࠆߎߣߦࠃߞߡᓧࠄࠇࠆ
(Bucheckerࠄ 㧘Eugster ; ╙  ࿑ )㧚ߒ߆ߒߥ
߇ࠄ㧘(S,S,R,'R,'R)-lutein-,-epoxide ߪ⃻࿷߹ߢߦ
ᄤὼ‛ߣߒߡߩන㔌ߩႎ๔ߪߥ޿㧚(S,R,S,'R,'R)-
lutein-,-epoxide [(all-E)-lutein-,-epoxide]()ߪᄤὼ‛
ߣߒߡ৻⥸⊛ߥ‛⾰ߢ޽ࠅ㧘ࠠࠢ⧎ᑯ߆ࠄ߽න㔌ߐࠇߚ
߇㧘ߎߩൻว‛߆ࠄ ߇ᒻᚑߐࠇࠆߚ߼ߦߪ㧘ࠛࡐࠠࠪ
Ⅳߩ᳓㉄ൻߦട߃ߡ C- ૏߅ࠃ߮ C- ૏ߩ᳓㉄ၮ߇⛯ߌ
ߡ⇣ᕈൻߐࠇࠆᔅⷐ߇޽ࠆ㧚ߤߜࠄߩ⚻〝ࠍ⚻↱ߒߡൻ
ว‛ ߇ࠠࠢ⧎ᑯౝߢ↢วᚑߐࠇߡ޿ࠆߩ߆ߪਇ᣿ߢ޽
ࠅ㧘੹ᓟߐࠄߦ⺞ᩏࠍⴕ߁ᔅⷐ߇޽ࠆ㧔╙ ࿑㧕㧚
ᧄ⺞ᩏߢࠠࠢ⧎ᑯ߆ࠄᬌ಴ߐࠇߚࠞࡠ࠹ࡁࠗ
࠼ ߪ (Z)-violaxanthin ࠍ 㒰 ߈㧘 ߔ ߴߡǪ,ǭ-carotene 
(ǩ-carotene)⺃ዉ૕ߢ޽ߞߚ㧚⃻࿷߹ߢߦ⧎ᑯߦ฽߹
ࠇࠆࠞࡠ࠹ࡁࠗ࠼ᚑಽߩಽᨆ߇ⴕࠊࠇߚࠠࠢ⑼ߩᬀ‛ߣ
ߒߡߪࠠࡦ࠮ࡦࠞ (Calendula offi cinalis㧧Bakoࠄ , )㧘
ࡅࡑࡢ࡝ ⒳㧔Helianthus annus㧧Tóth࡮Szabolcs ; 
Deliࠄ , Helianthus debilis㧧Tóth࡮Szabolcs 㧕߅
ࠃ߮ࡑ࡝࡯ࠧ࡯࡞࠼㧔Tagetes electa㧧Khachikࠄ 㧕
߇޽ࠆ߇㧘޿ߕࠇ߽ lutein߿ߘߩ⺃ዉ૕߇ਥᚑಽߢ޽
ࠆ㧚ࡑ࡝࡯ࠧ࡯࡞࠼ߪߎࠇࠄߩ߁ߜ㧘⧎ᑯߦ߅ߌࠆࠞࡠ
࠹ࡁࠗ࠼ਛߩǩ-carotene⺃ዉ૕ߩഀว߇ᦨ߽㜞޿ᬀ‛ߢ
޽ࠅ㧘✚ࠞࡠ࠹ࡁࠗ࠼㊂ߩ⚂ %ࠍභ߼ࠆ㧚ߒ߆ߒߥ
߇ࠄ㧘ࠠࠢߪࡑ࡝࡯ࠧ࡯࡞࠼ࠃࠅ߽ߐࠄߦǩ-carotene⺃
ዉ૕ߩഀว߇㜞޿ߣ޿߁ߎߣ߇ᧄ⺞ᩏߢ᣿ࠄ߆ߦߥߞߚ㧚
ട߃ߡ㧘ࠠࠢ⧎ᑯ߆ࠄߪ  ⒳ߩ lutein-,-epoxideߩ┙
૕⇣ᕈ૕㧔╙  ࿑㧕㧘 ⒳ߩ luteinߩ┙૕⇣ᕈ૕߅ࠃ߮
⒳ߩ lutein-,-epoxideߩࠛࡇ⇣ᕈ૕ߣ޿ߞߚ㧘㕖Ᏹߦ
᭽ޘߥ⇣ᕈ૕߇ᬌ಴ߐࠇߚ㧚ߎࠇࠄߩ߁ߜ㧘di-Z᭴ㅧࠍ
ᜬߟⅣൻࠞࡠ࠹ࡁࠗ࠼ߪᄤὼ‛ߣߒߡߪ㕖Ᏹߦ߹ࠇߢ
޽ࠅ㧘ᬀ‛ߩ⧎ᑯ↱᧪ߩ߽ߩߒ߆ႎ๔߇ߥ޿㧔Brassica 
napus [(Z,'Z)-lutein], C. offi cinalis [(Z,'Z)-lutein ߅ ࠃ
߮ (Z,'Z)-lutein], T. erecta [(Z,'Z)-lutein] ߅ࠃ߮ 
Viola tricolor [(Z,'Z)-violaxanthin, (Z,Z)-violaxanthin, 
(Z,'Z)-violaxanthin ߅ ࠃ ߮ (Z,Z)-violaxanthin; 
Molnárࠄ ]㧕㧚
એ਄ߩߎߣ߆ࠄ㧘ࠠࠢ⧎ᑯߦ฽߹ࠇࠆࠞࡠ࠹ࡁࠗ࠼ߪ
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╙㧞┨ޓࠠࠢ⧎ᑯ߅ࠃ߮⪲ߦ߅ߌࠆࠞࡠ࠹ࡁ
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⚛ߥࠄ߮ߦߘߩㆮવሶߦ㑐ߒߡߪ㐳ࠄߊ⍮⷗߇ߥ߆ߞ
ߚ㧚ߘߩℂ↱ߪ㧘ࠞࡠ࠹ࡁࠗ࠼↢วᚑ㉂⚛߇㕖Ᏹߦਇ
቟ቯߢ޽ࠅ㧘߹ߚሽ࿷㊂߇㕖Ᏹߦዋߥߊ㧘න㔌߇࿎㔍
ߢ޽ߞߚߚ߼ߢ޽ࠆ㧚 ᐕߦߥߞߡೋ߼ߡశวᚑ⚦
⩶ߢ޽ࠆ Rhodobacter߆ࠄߩㆮવሶߩන㔌߇ႎ๔ߐࠇߚ
㧔Armstrongࠄ 㧕㧚ߎߩ㈩೉ᖱႎࠍ߽ߣߦ㧘㜞╬ᬀ
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Figure .  (A) Sampling stages of chrysanthemum petal development and (B) fully expanded fl owers of chrysanthemum cultivars 
used for the experiment. VE = very early, E = early, M = medium, and L = late.
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Figure . Putative carotenoid biosynthetic pathway in petals of chrysanthemum.
ޓޓޓޓޓAbbreviations: GAP, glyceraldehyde--phosphate; DOXP, D--deoxyxylulose--phosphate; MEP, -C-methyl-D-
erythritol-,-cyclodiphosphate; IPP, isopentenyl diphosphate; GGPP, geranylgeranyl diphosphate.
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ߺㄟࠎߛᒻߢᓧߚ㧚BigDye DNA Sequencing Kit (Applied 
Biosystems, Foster City, CA, USA)߅ࠃ߮⥄േࠪ࡯ࠤࡦ
ࠨ࡯ (Genetic Analyzer  [Applied Biosystems])ࠍ↪
޿ߡႮၮ㈩೉ࠍ᳿ቯߒߚ㧚
߹ߚ㧘cDNA࡜ࠗࡉ࡜࡝࡯ߩࠬࠢ࡝࡯࠾ࡦࠣߢో㐳
cDNAࠍන㔌ߢ߈ߥ߆ߞߚㆮવሶߦߟ޿ߡߪ㧘ࠗࠛࡠ࡯
ࡄ࡜ࠧࡦߩMᲑ㓏ߩ⧎ᑯ߆ࠄ᛽಴ߒߚ poly(A)+ RNAࠍ
↪޿ߡ ' ߅ࠃ߮ ' RACEࠍⴕߞߚ㧚೨㗄ߢᓧߚㇱಽ㈩
೉ᖱႎࠍరߦ Oligo࠰ࡈ࠻࠙ࠚࠕ (Molecular Biology 
Insights, Cascade, CO, USA)ߢࡊ࡜ࠗࡑ࡯ࠍ⸳⸘ߒ㧘
SMART RACE cDNA Amplifi cation Kit (BD Biosciences)
ࠍ૶↪ߒߚ㧚
㧢㧕ࡁ࡯ࠩࡦಽᨆߦࠃࠆㆮવሶߩ⊒⃻⸃ᨆ
᛽಴ߒߚ poly(A)+ RNAࠍࡎ࡞ࡓࠕࡒ࠼ࠍ฽߻ .%
ࠕࠟࡠ࡯ࠬᄌᕈࠥ࡞ߢᵒേߒ㧘࠽ࠗࡠࡦࡈࠖ࡞࠲࡯
(Hybond-N+ membrane, Amersham Biosciences) ߦォ౮
ߒߚ㧚೨㗄ߢන㔌ߒߚߘࠇߙࠇߩㆮવሶߩㇱಽ㐳 cDNA
ࠍ DIGࠪࠬ࠹ࡓߢ࡜ࡌ࡝ࡦࠣߒ㧘ࡊࡠ࡯ࡉߣߒߡ↪޿
ߚ㧚ࡈࠖ࡞࠲࡯ߪ  SSC, .% SDSṁᶧߢ ಽ㑆㧘ቶ
᷷ߢ ࿁ᵞᵺߩߩߜ㧘.  SSC, .% SDSṁᶧߢ  ಽ
㑆㧘͠ߢ  ࿁ᵞᵺࠍⴕߞߚ㧚․⇣⊛ࡊࡠ࡯ࡉߪో㐳
Ⴎၮ㈩೉ࠍరߦ㧘ฦㆮવሶ㑆ߢ଻ሽߐࠇߡ޿ࠆ㗔ၞࠍ
ㆱߌߡ⸳⸘ߒߚ㧚Actinߪ Liࠄߦࠃߞߡࠠࠢ߆ࠄන㔌ߐ
ࠇߚ㈩೉ࠍ↪޿ߡ⸳⸘ߒߚ㧔, GenBank accession 
no. AB㧕㧚ࡊࡠ࡯ࡉࠍჇ᏷ߔࠆߚ߼ߩࡊ࡜ࠗࡑ࡯
ߪએਅߩㅢࠅߢ޽ࠆ㧚DXS㧦'-ATGGAGCGATGACCG
CAGGACAAG-' ߅ ࠃ ߮ '-GCGGGTAACCTTTGCCTT
TTTCGGT-'㧘 DXR㧦'-TGTCAAGATTCTTCCTGCTGA
TTCA-' ߅ ࠃ ߮ '-TGTGTCTCGACCATGGAATGTAG
T-'㧘 IPI㧦'-ACGAGTTACTTCTTCAGCAACGGT-' ߅
ࠃ߮ '-ATCAGATGGAGCCTTGTAGAGCAT-'㧘GGPS㧦
'-GAGATGATTCACACCATGTCGYTAATGC-' ߅ ࠃ ߮ 
'-CATCAAGAATATCATCCACCACCTGAAA-'㧘PSY㧦
'-CTAATGACACCCGAGMGACAA-' ߅ࠃ߮ '-AGTATC
TGATAAAGCGGCATC-'㧘PDS㧦'-GCAAGGAATACCGG
ATAGAGTTAC-' ߅ࠃ߮ '-GAATGTCAACTGGAGCAG
CGAATAC-'㧘ZDS㧦'-TGACTGTGCAACTTCGGTACAA
TG-' ߅ࠃ߮ '-AAACCTGTTCTGTAACCCGTCTTAT-'㧘
CRTISO㧦'-CGATAACGGGAAAGCTGTAGGAGTGAA-' 
߅ࠃ߮ '-GGCTCCTCTAAGTTTTTCCAATCATCCTC-'㧘
LCYB㧦'-TGTATATCAAATGGGGTTAAGTTTC-' ߅ࠃ߮ 
'-TGAATTCCTTTCCTTTATTTCGGTA-'㧘LCYE㧦'-GCT
TGAATGTCGCACTTATCG-' ߅ࠃ߮ '-GATATTGCCTT
CACACTCTATGA-'㧘CHYB㧦'-CGGAACGATTTACTTAT
CTTGTT-' ߅ࠃ߮ '-CAAAGACCCGGAATTATGCCT-'㧘
ZEP㧦'-GGTGGTGAGAAAGAGAAGAAGATAAGG-' ߅
ࠃ߮ '-GACTGCTGGAGTGAATGTATCAAACT-'㧘VDE㧦
'-CGAGACCGAATGTCAGATA-' ߅ࠃ߮ '-CCAGTCAT
CTTGGTAGTGAAG-'㧘actin,㧦'-CTTGCGTTTGGATCT
TGCTGGTCGTGA-' ߅ࠃ߮ '-AGCAGCTTCCATCCCA
ATCATAGACGG-'㧚
㧣㧕ቯ㊂࡝ࠕ࡞࠲ࠗࡓ 2%4
࡝ࠕ࡞࠲ࠗࡓ PCRᴺࠍ↪޿ߡ DXR, PSY, LCYB߅ࠃ
߮ LCYEㆮવሶߩ⊒⃻⸃ᨆࠍⴕߞߚ㧚DNaseಣℂࠍⴕߞ
ߚ poly(A)+ RNA߆ࠄ SuperScript First-Strand Synthesis 
System (Invitrogen)ࠍ↪޿ߡ㍌ဳߣߥࠆ cDNAࠍว
ᚑߒߚ㧚ォ౮↥‛ߩ⫾Ⓧ㊂ߩ⸃ᨆߪ QuantiTect SYBR 
Green PCR Kit (Qiagen, Hilden, Germany) ߅ ࠃ ߮ 
LightCycler System (Roche Diagnostics) ࠍ↪޿㧘ᷝઃ
ߩࡊࡠ࠻ࠦ࡯࡞ߦᓥߞߡⴕߞߚ㧚࡝ࠕ࡞࠲ࠗࡓ PCRߩ
ߚ߼ߩㆮવሶ․⇣⊛ࡊ࡜ࠗࡑ࡯ߪ Oligo࠰ࡈ࠻࠙ࠚࠕ
ࠍ↪޿㧘ో㐳 cDNAႮၮ㈩೉ߩㆮવሶ㑆ߢ଻ሽߐࠇ
ߚ㈩೉ࠍᜬߟㇱಽࠍㆱߌߡ⸳⸘ߒߚ㧚PCRߢ⋡⊛ߩ
㐳ߐߩㆮવሶ߇Ⴧ᏷ߐࠇࠆߎߣࠍ⏕⹺ߒߚ㧚Actinߪ
Liࠄߦࠃߞߡࠠࠢ߆ࠄන㔌ߐࠇߚ㈩೉ࠍ↪޿ߡ⸳⸘
ߒ ߚ㧔, GenBank accession no. AB㧕㧚 ࡊ ࡜
ࠗࡑ࡯ߩ㈩೉ߪએਅߢ޽ࠆ㧚DXR, '-CTTAATTGCTG
GCGGTCCCT-' ߅ ࠃ ߮ '-CCTCCTGATGCGGTCAAG
AT-'; PSY, '-GCTTTGGCTTTAGGAATCGC-' ߅ ࠃ ߮ 
'-TCTGATAGTCCGGCTTGTGC -'; LCYB, '-AGAGCTT
GTACCCGAAATCA-' ߅ ࠃ ߮ '-CTACAGCTAAACCCG
AAGGA-'; LCYE, '- GGAGCGGCTTCGGGTAAACTTCT
GCAA-' ߅ࠃ߮ '- CTCTCTTGAAGCCAGACAGGTTTC
CTC-'; actin, '-ACATGCTATCTTGCGTTTGG-' ߅ࠃ߮ 
'-CTCTCACAATTTCCCGTTCA-'㧚ฦࠨࡦࡊ࡞ߩ Actin
㊂ߪߘࠇߙࠇߩࠨࡦࡊ࡞ߩ poly(A)+ RNAỚᐲߩ߫ࠄߟ
߈ࠍဋ৻ൻߔࠆߚ߼ߩࠬ࠲ࡦ࠳࡯࠼ߣߒߡ↪޿ߚ㧚
㧟㧚⚿ޓᨐ
㧝㧕ࠗ࠰ࡊ࡟ࡁࠗ࠼߅ࠃ߮ࠞࡠ࠹ࡁࠗ࠼↢วᚑ♽㉂
⚛ㆮવሶߩන㔌
 ⒳㘃ߩࠗ࠰ࡊ࡟ࡁࠗ࠼↢วᚑ♽㉂⚛ㆮવሶ (DXS 
[AB], DXR [AB], IPI [AB] ߅ ࠃ
߮ GGPS [AB]㧦 ᜝ ᒐ ౝ ߪ GenBank accession 
ጯᧄ㧦ࠠࠢ⑼ᬀ‛ߩ⧎ᑯߦ߅ߌࠆࠞࡠ࠹ࡁࠗ࠼ߦ㑐ߔࠆ⎇ⓥ
no.ࠍ␜ߔ )߅ࠃ߮  ⒳㘃ߩࠞࡠ࠹ࡁࠗ࠼↢วᚑ♽
㉂ ⚛ ㆮ વ ሶ (PSY [AB], PDS [AB], ZDS 
[AB], CRTISO [AB], LCYB [AB], 
LCYE [AB], CHYB [AB], VDE [AB], 
and ZEP [AB])ࠍන㔌ߒߚ㧚ߎࠇࠄߩ߁ߜ㧘PSY, 
PDS, LCYB, LCYE߅ࠃ߮ CHYBߩో㐳 cDNAߪ cDNA
࡜ࠗࡉ࡜࡝࡯߆ࠄߩࠬࠢ࡝࡯࠾ࡦࠣߦࠃߞߡන㔌ߐࠇ
ߚ߇㧘ߘߩઁߩ  ㆮવሶ (DXS, DXR, IPI, GGPS, ZDS, 
CRTISO, ZEP߅ࠃ߮ VDE) ߪߎߩᚻᴺߢߪන㔌ߔࠆߎ
ߣ߇ߢ߈ߕ㧘ᦨ⚳⊛ߦ RACEᴺߦࠃߞߡో㐳 cDNAࠍ
ᓧߚ㧚
㧞㧕ࠞࡠ࠹ࡁࠗ࠼ᚑಽߩ *2.% ಽᨆ
̈ࠗࠛࡠ࡯ࡄ࡜ࠧࡦ̉߅ࠃ߮̈ࡄ࡜ࠧࡦ̉⧎ᑯߩ⊒㆐
Ბ㓏ߦ߅ߌࠆࠞࡠ࠹ࡁࠗ࠼ᚑಽ߅ࠃ߮ࠞࡠ࠹ࡁࠗ࠼฽
㊂ߪ╙ ࿑߅ࠃ߮╙  ࿑ߦ␜ߒߚ㧚㤛⦡ຠ⒳ߢ޽̈ࠆ ࠗ
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Figure . Carotenoid analysis in petals and leaves of Yellow Paragon and Paragon. Carotenoid extracts from . g f.w. of petals of 
(A) Yellow Paragon and (B) Paragon, and (C) leaves of Yellow Paragon were analyzed by HPLC.
Abbreviations: V, violaxanthin; L, all-E-lutein; Ǫ, Ǫ-carotene; DL, (S,S,R,'R,'R)-,-dihydro-,-dihydroxylutein; 
Z-L, (Z)-lutein; 'Z-L, ('Z)-lutein; Z-Le, (Z)-lutein-,-epoxide; 'Z-Le, ('Z)-lutein-,-epoxide; N, ('Z)-neoxanthin; Z, 
zeaxanthin; A, antheraxanthin.
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ࠛࡠ࡯ࡄ࡜ࠧࡦ̉ߩ⧎ᑯߢߪ⊒㆐ߦᓥߞߡࠞࡠ࠹ࡁࠗ࠼
⫾Ⓧ㊂߇Ⴧടߒ㧘߹ߚ㧘ᄢ߈ߊ᭴ᚑᚑಽ߇ᄌൻߒߚ㧚⊒
㆐ೋᦼߢ޽ࠆ VEࠬ࠹࡯ࠫߢߪ lutein, violaxanthin, ߅ࠃ
Ǫ߮-carotene߇ਥⷐߥࠞࡠ࠹ࡁࠗ࠼ߣߒߡᬌ಴ߐࠇߚ
߇㧘Eࠬ࠹࡯ࠫߦߥࠆߣ violaxanthinߣǪ-caroteneߪᶖ
ᄬߒ㧘luteinߩߺߦߥߞߚ㧚Mࠬ࠹࡯ࠫߢߪ luteinߦട
߃㧘(S,S,R,’R,'R)-,-dihydro-,-dihydroxylutein, 
luteinߩ cis૕ ((Z)-lutein㧘('Z)-lutein) ߅ࠃ߮ ࠛࡐࠠࠪ
ൻ lutein ((Z)-lutein-,-epoxide㧘('Z)-lutein-,-epoxide)
╬ߩ࡞࠹ࠗࡦ⺃ዉ૕߇ᬌ಴ߐࠇߚ㧚Lࠬ࠹࡯ࠫߢߪ
luteinߣ ('Z)-luteinߩഀวߪᷫዋߒߚ߇㧘৻ᣇ㧘(Z)-
luteinߣ ('Z)-lutein-,-epoxideߪᄢ᏷ߦჇടߒߚ㧚৻ᣇ㧘
⊕⦡ຠ⒳ߢ޽ࠆ̈ࡄ࡜ࠧࡦ̉⧎ᑯߦ߅޿ߡ߽㧘VEࠬ࠹࡯
ࠫߢߪ̈ࠗࠛࡠ࡯ࡄ࡜ࠧࡦ̉ห᭽ߦ lutein, violaxanthin, 
߅ࠃ Ǫ߮-carotene߇ᬌ಴ߐࠇߚ㧚ߒ߆ߒߎࠇࠄߪ⧎ᑯߩ
⊒㆐ߦ઻ߞߡᷫዋߒ㧘Lࠬ࠹࡯ࠫߩࠞࡠ࠹ࡁࠗ࠼฽㊂ߪ
ᬌ಴㒢⇇એਅߢ޽ߞߚ㧚ઁߩ㤛⦡ ຠ⒳㧔ࡈࡠ࡝࠳ࡑ࡯
ࡉ࡞㧘ࠨ ࠾࡯ࠝ࡟ࡦࠫ㧕߅ࠃ߮⊕⦡ ຠ⒳㧔ࡎࡢࠗ࠻ࡑ࡯
ࡉ࡞㧘ࡈࠖ࠼ࠪࠕ㧕ߦ߅޿ߡ߽ߘࠇߙࠇ̈ࠗࠛࡠ࡯ࡄ࡜
ࠧࡦ̉߅ࠃ߮̈ࡄ࡜ࠧࡦ̉ߣห᭽ߩᚑಽ߅ࠃ߮฽㊂ߩផ
⒖ࠍ␜ߒߚ㧚
৻ᣇ㧘⪲ߩ႐วߪ↢⢒ࠬ࠹࡯ࠫ߿ຠ⒳߇⇣ߥߞߡ޿
ߡ߽ห᭽ߩࠢࡠࡑ࠻ࠣ࡜ࡓࠍ␜ߒߚ㧚̈ ࠗࠛࡠ࡯ࡄ࡜ࠧ
ࡦ̉ߩࠢࡠࡑ࠻ࠣ࡜ࡓࠍ╙ ࿑ߦ␜ߒߚ㧚Lutein߇ਥⷐ
ߥࠞࡠ࠹ࡁࠗ࠼ߢ޽ࠆߩߪ⧎ᑯߣห᭽ߢ޽ߞߚ߇㧘ട߃
ߡ㧘violaxanthin, neoxanthin, antheraxanthin, Ǫ-carotene
ߣ޿ߞߚశวᚑߦਇนᰳߥࠞࡠ࠹ࡁࠗ࠼ࠍ฽ࠎߢ޿ߚ㧚
⧎ᑯߦ߅޿ߡᄢㇱಽࠍභ߼ߡ޿ߚ lutein-,-epoxide߅
ࠃ߮ (S,S,R,'R,'R)-,-dihydro-,-dihydroxyluteinߣ
޿ߞߚ lutein⺃ዉ૕߿㧘luteinߩࠪࠬ૕ߪ ('Z)-luteinࠍ
㒰߈߶ߣࠎߤᬌ಴ߐࠇߥ߆ߞߚ㧚⧎ᑯߩ႐ว㧘Lࠬ࠹࡯
ࠫߢߪోࠞࡠ࠹ࡁࠗ࠼ߩ %એ਄߇Ǫ,ǭ-carotenoid㘃
ߢ޽ߞߚ߇㧘⪲ߢߪ %ߢ޽ࠅ㧘Ǫ,Ǫ-carotenoid㘃߇
Ǫ,ǭ-carotenoid㘃ࠃࠅ߽㜞޿ഀวߢ฽߹ࠇߡ޿ߚ㧚̈ ࠗ
ࠛࡠ࡯ࡄ࡜ࠧࡦ̉ߩ⪲ߣ⧎ᑯߩ✚ࠞࡠ࠹ࡁࠗ࠼㊂ࠍᲧセ
ߔࠆߣ㧘⪲ߪ⧎ᑯߩ Lࠬ࠹࡯ࠫߩ߅ࠃߘ ୚ߢ޽ߞߚ㧔╙
 ࿑㧕㧚
㧟㧕ࠗࠛࡠ࡯ࡄ࡜ࠧࡦ߅ࠃ߮ࡄ࡜ࠧࡦߩ⧎ᑯߦ߅ߌ
ࠆ⊒㆐Ბ㓏೎ߩ⊒⃻⸃ᨆ
╙  ࿑ߪ̈ࠗࠛࡠ࡯ࡄ࡜ࠧࡦ̉ߣ̈ࡄ࡜ࠧࡦ̉ߩ⧎
ᑯߩ⊒㆐ Ბ㓏ߦ߅ߌࠆࠗ࠰ࡊ࡟ࡁࠗ࠼߅ࠃ߮ࠞࡠ࠹
ࡁࠗ࠼↢วᚑ♽㉂⚛ㆮવሶߩ⊒⃻ࠍ␜ߒߚ߽ߩߢ޽ࠆ㧚
ࡁ࡯ࠩࡦ⸃ᨆߢߪ ࡟࡯ࡦᒰߚࠅ Ǵgߩ poly(A)+ RNA
ࠍ૶↪ߒߚ㧚ߒ߆ߒߥ߇ࠄ㧘DXR, PSY߅ࠃ߮ LCYBㆮ
વሶߪ ࡟࡯ࡦᒰߚࠅߩ poly(A)+ RNAࠍ ǴgߦჇ߿ߒ
ߡ߽᣿⏕ߥォ౮↥‛ߩࠪࠣ࠽࡞ࠍᬌ಴ߔࠆߎߣ߇ߢ߈ߥ
߆ߞߚ㧚ߘߎߢ㧘ߎࠇࠄߩㆮવሶߦߟ޿ߡߪቯ㊂⊛࡝ࠕ
࡞࠲ࠗࡓ PCRߦࠃࠆ⸃ᨆࠍⴕߞߚ㧚
̈ࠗࠛࡠ࡯ࡄ࡜ࠧࡦ̉ߢߪ⧎ᑯߩ⊒㆐ߦ઻޿㧘DXS, 
PSY, PDS, ZDS, CRTISO, LCYB, LCYE, ߅ࠃ߮ CHYBㆮ
વሶߩ⊒⃻㊂ߪჇടߒߚ㧚DXSࠍ㒰߈㧘ߎࠇࠄߩㆮવ
ሶߪ⊕⦡ຠ⒳ߢ޽ࠆ̈ࡄ࡜ࠧࡦ̉ߦ߅޿ߡ߽⊒㆐ᓟᦼߦ
Ⴧടߒ㧘̈ ࠗࠛࡠ࡯ࡄ࡜ࠧࡦ̉ߣห᭽ߩ⊒⃻ࡄ࠲࡯ࡦࠍ
␜ߒߚ㧚ߒ߆ߒォ౮㊂ߪో૕⊛ߦ̈ࠗࠛࡠ࡯ࡄ࡜ࠧࡦ̉
ߦᲧߴࠆߣૐ޿௑ะ߇⷗ࠄࠇߚ㧚໑৻ DXSߩߺ߇⧎ᑯ
ߩ⊒㆐ߦ઻ߞߡᷫዋߒ㧘̈ ࡄ࡜ࠧࡦ̉⧎ᑯߦ߅ߌࠆࠞࡠ
࠹ࡁࠗ࠼⫾Ⓧߩ௑ะߣ৻⥌ߒߚ㧚DXR, IPI߅ࠃ߮ GGPS
ߩ⊒⃻㊂ߪਔຠ⒳ߣ߽㧘⊒㆐Ბ㓏ߦ㑐ࠊࠄߕ৻ቯߢ޽ߞ
ߚ㧚߹ߚ㧘VDEߪ⊒㆐ߦ઻ߞߡᷫዋߒ㧘ZEPߪ޿ߕࠇ
ߩᲑ㓏ߢ߽߶ߣࠎߤᬌ಴ߐࠇߥ߆ߞߚ㧚
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Figure . Total carotenoid contents in petals and leaves 
of Yellow Paragon and Paragon. Measurements 
were performed in triplicate, and the mean values 
r SE are shown.
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Figure . Ana lys is  o f  the  expr ess ion  o f  genes  for  i sopr enoid  and carotenoid  b iosynthes is  dur ing  peta l  
development of  Yellow Paragon and Paragon. (A) Nor ther n analysis.    Ǵg of poly(A)+ RNA per 
lane was loaded for  DXS ,  IPI ,  GGPS ,  PDS ,  ZDS ,  CRTISO ,  LCYE ,  CHYB ,  ZEP ,  VDE ,  and Actin .  
 Ǵg of poly(A)+ RNA per lane was loaded for DXR, PSY, and LCYB. (B) Quantitative real-time PCR of 
DXR, PSY, and LCYB. Real-time PCR was per formed in triplicate, and the mean values r SE are shown.
Abbreviations: YP, Yellow Paragon; P, Paragon.
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Figure . Analysis of the expression of genes for isoprenoid and carotenoid biosynthesis in fl owers and leaves of yellow- and 
white-fl owered cultivars.
ޓPetals at stage M and leaves at stage L were used for the analysis. (A) Northern analysis.  Ǵg of poly(A)+ RNA per 
lane was loaded for DXS, IPI, GGPS, PDS, ZDS, CRTISO, LCYE, CHYB, ZEP, VDE, and Actin.  Ǵg of poly(A)+ RNA 
per lane was loaded for DXR, PSY, and LCYB. (B) Quantitative real-time PCR of DXR, PSY, and LCYB. Real-time PCR 
was performed in triplicate, and the mean values r SE are shown.
ޓAbbreviations: YP, Yellow Paragon; FM, Florida Marble; SO, Sunny Orange; P, Paragon; WM, White Marble; FID, 
Fiducia.
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Figure . Quantitative real-time PCR of LCYB and LCYE 
genes in petals of yellow-fl owered cultivars and 
leaves of Yellow Paragon and Paragon. Real-time 
PCR was performed in triplicate, and the mean 
values r SE are shown.
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Figure . Real-time PCR analysis of a clone (CmCCD1) whose expression was higher in white petals than in yellow petals. Real-
time PCR was performed in triplicate, and the mean values r SE are shown.
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Figure . Changes in the level of carotenoids and CmCCD1 transcripts during fl ower petal development of Paragon. Real-time 
PCR and total carotenoid quantitation was performed in triplicate, and the mean values r SE are shown.
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Figure . Expression of CmCCD1 in different tissues of Paragon. Real-time PCR was performed in triplicate, and the mean 
values r SE are shown.
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Figure . Fully-opened fl owers of orange- and yellow-fl owered cultivars of Compositae plants.
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Table .ޓChromaticity, total anthocyanin content, and total carotenoid content in petals of orange- and yellow-fl owered cultivars 
of  Compositae species
Species Cultivar
Chromaticity Total 
anthocyanins
(Ǵg/g f.w.)
Total 
carotenoids
(Ǵg/g f.w.)L a* b*
Calendula offi cinalis Alice Orange . r . . r . . r . . 
Orange Star . r . . r . . r . . 
Orange Zem . r . . r . . r . . 
Alice Yellow . r . -. r . . r . . 
Gold Star . r . -. r . . r . . 
Golden Zem . r . -. r . . r . . 
Gerbera jamesonii Orphe . r . . r . . r . . 
Dancer . r . . r . . r . . 
Labyrinth . r . . r . . r . . 
Lambada . r . . r . . r . . 
Illusion . r . . r . . r . . 
Esprit . r . -. r . . r . . 
Sega . r . -. r . . r . . 
Fresbee . r . -. r . . r . . 
Gazania spp. Daybreak Orange . r . . r . . r . . 
Daybreak Yellow . r . . r . . r . . 
Helianthus annuus Sunrich Orange . r . . r . . r . . 
Sonia . r . . r . . r . . 
Sunrich Lemon . r . -. r . . r . . 
Valentine . r . -. r . . r . . 
Osteospermum ecklonis Jury . r . . r . . r . . 
Mikey . r . -. r . . r . . 
Tagetes erecta Orange Isis . r . . r . . r . . 
Yellow Isis . r . -. r . . r . . 
Tagetes petula Safari Tangerine . r . . r . . r . . 
Bonanza Orange . r . . r . . r . . 
Safari Yellow . r . -. r . . r . . 
Bonanza Yellow . r . -. r . . r . . 
Zinnia elegans Dreamland Coral . r . . r . . r . . 
Bonita Red . r . . r . . r . . 
Petitland Orange . r . . r . . r . . 
Dreamland Yellow . r . . r . . r . . 
Bonita Yellow . r . . r . . r . . 
Petitland Yellow . r . -. r . . r . . 
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Figure . Correlation between color and anthocyanin content in petals of orange-fl owered Compositae 
plants.
(A) Correlation between lightness and redness. (B) Correlation between anthocyanin content 
and redness in four species containing anthocyanins.
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Figure . Effect of carotenoid content on color tone. Carotenoid solution was used at  Ǵl per a hole.
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Figure . HPLC analysis of carotenoids of extracts of Compositae petals. 
Abbreviations: V, violaxanthin; N, ('Z)-neoxanthin; Lx, luteoxanthin; Le, lutein-,-epoxide; Z-V, (Z)-violaxanthin; F, 
Flavoxanthin[(R)-lutein-,-epoxide]; Au, Auroxanthin; 'Z-Le, ('Z)-lutein-,-epoxide; L, lutein; A, antheraxanthin; 
Z, zeaxanthin; Z-L, (Z)-lutein; Z-Z, (Z)-zeaxanthin; Ǫ,Ǫ-carotene; Ly, lycopene. Number - shows unknown 
carotenoids. 
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Table . Carotenoid composition in petals of Calendula offi cinalis
Orange-fl owered cultivar Yellow-fl owered cultivar
Alice Orange Alice Yellow
Carotenoids
Absorption
maxima (nm)
% of total 
carotenoida
Carotenoid
contentb
(Ǵg/g f.w.)
% of total 
carotenoid
Carotenoid
content
(Ǵg/g f.w.)
Luteoxanthin , ,  . . . . 
Lutein-,-epoxide , ,  . . . . 
Flavoxanthin , ,  . . . . 
Auroxanthin , ,  . . . . 
('Z)-Lutein-,-epoxide , ,  . . . . 
Lutein ,  . . . . 
Antheraxanthin ,  . . . . 
(Z)-Lutein ,  . . . . 
unknown peak  ,  . . - - 
Ǫ-carotene ,  . . . . 
unknown peak  ,  . . - - 
unknown peak  , ,  . . - - 
unknown peak  , ,  . . - - 
unknown peak  ,  . . - - 
unknown peak  ,  . . - - 
unknown peak  , ,  . . - - 
unknown peak  , ,  . . - - 
Lycopene , ,  . . - - 
Yellowish carotenoidsc . . . .
Reddish carotenoidsd . . . . 
Total carotenoids
(Ǵg/g f.w.) . .
a Percentage of peak area in the HPLC chromatogram at  nm.
b Lutein equivalent.
c Range in the main absorption maximum from  nm to  nm.
d Range in the main absorption maximum from  nm to  nm.
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Table . Carotenoid composition in petals of Gazania spp.
Orange-fl owered cultivar Yellow-fl owered cultivar
Daybreak Orange Daybreak Yellow
Carotenoids
Absorption 
maxima (nm)
% of total 
carotenoida
Carotenoid
contentb
(Ǵg/g f.w.)
% of total 
carotenoid
Carotenoid
content
(Ǵg/g f.w.)
Violaxanthin , ,  . . . . 
Lutein-,-epoxide , ,  . . . . 
(Z)-Violaxanthin , ,  . . . . 
unknown peak  , ,  . . . . 
('Z)-Lutein-,-epoxide , ,  . . . . 
Lutein ,  . . . . 
Antheraxanthin ,  . . . . 
(Z)-Lutein ,  . . . . 
(Z)-Zeaxanthin ,  . . . . 
Ǫ-carotene ,  . . . . 
unknown peak  ,  . . - - 
unknown peak  , ,  . . -   - 
Lycopene , ,  . . - - 
Yellowish carotenoidsc . . . . 
Reddish carotenoidsd . . . . 
Total carotenoids
(Ǵg/g f.w.)
. . 
a Percentage of peak area in the HPLC chromatogram at  nm.
b Lutein equivalent.
c Range in the main absorption maximum from  nm to  nm.
d Range in the main absorption maximum from  nm to  nm. 
Table . Carotenoid composition in petals of Osteospermum ecklonis.
Orange-fl owered cultivar Yellow-fl owered cultivar
Jury Mikey
Carotenoids
Absorption 
maxima (nm)
% of total 
carotenoida
Carotenoid
content b
(Ǵg/g f.w.)
% of total 
carotenoid
Carotenoid 
content 
(Ǵg/g f.w.)
Lutein ,  . . . . 
β-carotene ,  . . . . 
unknown peak  ,  . . . . 
unknown peak  ,  . . . . 
unknown peak  , ,  . . . . 
Lycopene , ,  . . . . 
Yellowish carotenoidsc . . . . 
Reddish carotenoidsd . . . . 
Total carotenoids 
(Ǵg/g f.w.)
. . 
a Percentage of peak area in the HPLC chromatogram at  nm.
b Lutein equivalent.
c Range in the main absorption maximum from  nm to  nm.
d Range in the main absorption maximum from  nm to  nm. 
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ޓࠞ࡜ࡓ : YMC Carotenoid㧔SǴm,    mm i.d., 
YMC Co. Ltd㧕
ޓዷ㐿ṁᇦ A/ MeOH: t-Buthyl methyl ether (MTBE): 
HO = ::, 
ޓዷ㐿ṁᇦ B/ MeOH: MTBE: HO = ::
ޓ ಽޓA %/ B %㧘 ಽޓA %/ B %
ޓᵹㅦޓ ml/min, ޓࠞ࡜ࡓ᷷ᐲޓ͠
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Nitrobenzyl alchol ࠍၮ⾰ߣߒߡ⾰㊂ಽᨆⵝ⟎㧔JEOL, 
SX 㧕ߢ᷹ቯߒߚ㧚
H NMR ( MHz)߅ࠃ߮ C NMR ( MHz) ࠬࡍࠢ
࠻࡞
NMRⵝ⟎ (Varian,Unity Inova  spectrometer)ߦߡ
᷹ቯࠍⴕߞߚ㧚TMSࠍၮḰ‛⾰ߣߒߡ฽ࠎߛ CDCl ࠍ
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Alice Orange
Alice Yellow
Orange Star
Gold Star
Orange Zem 
Golden Zem 
A
B
Figure . Fully-opened fl owers of orange- (A) and yellow-fl owered (B) cultivars of calendula.
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ⴕߞߚࠠࠢ⧎ᑯߦ฽߹ࠇࠆࠞࡠ࠹ࡁࠗ࠼ߣᲧセߔࠆߎߣ
ߦࠃߞߡหቯߒߚ㧚ߎࠇࠄหቯߒߚࡇ࡯ࠢߩ‛⾰ฬ㧘᷹
ቯᵄ㐳  nmߦ߅ߌࠆࡇ࡯ࠢ㕙Ⓧߩഀว㧘߅ࠃ߮ๆ෼
ᭂᄢ୯ࠍ╙  ⴫ߦ␜ߒߚ㧚ࡇ࡯ࠢ , , ,  ߅ࠃ߮  㨪
 ߪਇ᣿ߥᚑಽߢ޽ߞߚߚ߼㧘ߘࠇߙࠇߩࡇ࡯ࠢࠍಽ
ขߒߡ NMRಽᨆߦଏ⹜ߒߚ㧚
㧞㧕ࠞࡠ࠹ࡁࠗ࠼ᚑಽߩ᭴ㅧ᳿ቯ
ᧂ⍮ߥࠞࡠ࠹ࡁࠗ࠼ᚑಽߩหቯߦߪᯍ⦡ຠ⒳̈ࠕ࡝ࠬ
ࠝ࡟ࡦࠫ̉ߩ⧎ᑯ߆ࠄ᛽಴ߒߚࠞࡠ࠹ࡁࠗ࠼ṁᶧࠍ↪޿
ߚ㧚
H-NMR⸃ᨆߩ⚿ᨐ㧘ࠠࡦ࠮ࡦࠞᯍ⦡ຠ⒳ߦߪ ⒳㘃
ߩ lycopeneߩᐞ૗⇣ᕈ૕߇฽߹ࠇߡ޿ࠆߎߣ߇᣿ࠄ߆
ߦߥߞߚ㧚(All-E)-lycopene (peak ), (Z,Z)-lycopene 
(, peak ), (Z,Z,'Z)-lycopene (, peak ) ߅ ࠃ ߮
(Z,Z,'Z,'Z)-lycopene (, peak )ߢ޽ࠆ㧚H-NMRࠪ
ࠣ࠽࡞ߪ H-H COSY, NOESY,߅ࠃ߮ H-H decoupling
Table . Carotenoid composition in petals of calendula (cv. Alice Orange)
Peak no.
(Fig. )
Carotenoid % of total carotenoidsa ǳmax (nm)
 ('R)-Luteoxanthin . , , 
 Lutein-,-epoxide . , , 
 Flavoxanthin . , , 
 (R,'R)-Auroxanthin . , , 
 ('Z)-Lutein-,-epoxide . , , 
 Lutein . , 
 Antheraxanthin . , 
 (Z)-Lutein . , 
 ('Z,'Z)-Rubixanthinޓ() . , 
 ǩ-Carotene . , 
 Ǫ-Carotene . , 
 ('Z)-Rubixanthin () . , 
 Ǭ-Carotene . , , 
 (Z,Z,'Z,'Z)-Lycopene () . , , 
 ǫ-Carotene . , 
 ('Z)-ǫ-Carotene () . , 
 (Z,Z,'Z)-Lycopene () . , , 
 (Z,Z)-Lycopene () . , , 
 (all-E)-Lycopene . , , 
a Percentage of peak area in the HPLC chromatogram at  nm.
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Figure . HPLC analysis of carotenoids of extracts of calendula petals. 
a, cv. Alice Orange; b, Orange Star; c, Orange Zem; d, Alice Orange; e, Gold Star; f, Golden Zem. Peak numbers are 
identifi ed in Table .
⧎߈⎇ⓥᚲ⎇ⓥႎ๔ޓ╙ ภ
᷹ቯߦࠃߞߡᏫዻࠍ᳿ቯߒߚ㧔╙  ⴫㧘╙  ࿑㧕㧚
 ⒳㘃ߩ┙૕⇣ᕈ૕ߩ H-NMRࠪࠣ࠽࡞ߩᲧセࠍ╙
 ⴫ߦ␜ߒߚ㧚ߎࠇࠄߩࡐ࡝ࠛࡦ㎮ㇱಽߩ┙૕㈩⟎
ߪ H-NMRࠪࠣ࠽࡞ߩ⇣ᕈൻࠪࡈ࠻୯ (ǍǬ=ǍZ-ǍE) 
(Englert, ) ߅ࠃ߮ NOESY⋧㑐߆ࠄ᳿ቯߒߚ㧚଀߃
߫ Z,Z᭴ㅧࠍᜬߟൻว‛ ߩ႐ว㧘H-, H-, H-, H-
߅ࠃ߮ H- ૏ߩ H NMRࠪࠣ࠽࡞୯ߪ all-E૕ߦᲧߴ
ߡᄢ߈ߊૐ⏛႐ࠪࡈ࠻ߒߚ৻ᣇߢ㧘H- ߅ࠃ߮ H- ૏
ߪ㜞⏛႐ࠪࡈ࠻ߒߚ㧚ߎࠇࠄߩ⇣ᕈൻࠪࡈ࠻ࡄ࠲࡯ࡦߪ
Englert()߇ႎ๔ߒߚ Z,Z┙૕㈩⟎ߩ․ᓽߣ৻⥌
ߒߚ㧚ട߃ߡ㧘H-/H-, H-/H- ߅ࠃ߮ H-/H- ߩ㑆
ߢ⹺߼ࠄࠇߚ NOESY⋧㑐߽ Z,Zߩ┙૕㈩⟎ࠍ᦭ߔࠆ
ߎߣࠍ␜ߒߡ޿ࠆ㧔Englert 㧘Hengartnerࠄ 㧕㧚
ᓥߞߡ㧘ൻว‛ ߪ (Z,Z)-lycopeneߢ޽ࠆߣ᳿ቯߒ
ߚ㧚ൻว‛ ߅ࠃ߮ ߦߟ޿ߡ߽ห᭽ߩᣇᴺߢ┙૕㈩⟎
ࠍ᳿ቯߒߚ㧚(Z,Z)-lycopene ()߅ࠃ߮ (Z,Z,'Z,'Z)-
lycopene ()ߪ⃻࿷߹ߢߦႎ๔ߩߥ޿┙૕㈩⟎ࠍᜬߟ࡝
ࠦࡍࡦ⇣ᕈ૕ߢ޽ߞߚ㧚߹ߚ㧘(Z,Z,'Z)-lycopene ()
ߪ Hengartnerࠄ㧔㧕ߦࠃߞߡวᚑߐࠇߡ޿ࠆ߇㧘
ᄤὼ‛ߣߒߡߩႎ๔ߪߥ޿㧚ᓥߞߡ㧘ൻว‛ , ߅ࠃ߮
ߪ޿ߕࠇ߽ᄤὼ‛ߣߒߡߪᣂⷙࠞࡠ࠹ࡁࠗ࠼ߢ޽ࠆߎ
ߣ߇᣿ࠄ߆ߦߥߞߚ㧚
Table . H ( MHz) NMR data for lycopene geometrical isomers in CDCl
All-E Z,Z () Z,Z,'Z () Z,Z,'Z ,'Z  ()
Position Ǭ Ǭ ǍǬ a Ǭ ǍǬ Ǭ ǍǬ

̡ .
.
.
. .
.
. 
. 
.
.
. 
. 

̡ .
.
.
.
.
.
.

̡ .
.
.
. .
.
. 
. 
.
.
. 
. 

̡ .
.
.
. .
.
. .
.
. 
. 

̡ .
.
.
.
.
.
.

̡ .
.
.
. .
.
. .
.
. 
. 

̡ .
.
.
– . .
.
– . .
.
– . 
– . 

̡ .
.
.
. .
.
. .
.
. 
. 

̡ .
.
.
– . .
.
– . .
.
– . 
– . 

̡ .
.
.
.
.
.
.

̡ .
.
.
.
.
.
.

̡ .
.
.
.
.
.
.

̡ .
.
.
.
.
.
.

̡ .
.
.
. .
.
. .
.
. 
. 

̡ .
.
.
.
.
.
.

̡ .
.
.
.
.
.
.
a Isomerization shift (ǍǬ = ǬZ – ǬE, |ǍǬ| > . ppm).
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Figure . Stereochemistry of six carotenoids containing cis structures at C- or C-' characteristic of orange-fl owered cultivars 
of calendula.
⧎߈⎇ⓥᚲ⎇ⓥႎ๔ޓ╙ ภ
ߐࠄߦ㧘⃻࿷߹ߢߦႎ๔ߩߥ޿ ('Z)-ǫ-carotene (, 
ࡇ࡯ࠢ )߅ࠃ߮ ('Z,'Z)-rubixanthin (, ࡇ࡯ࠢ )ࠍන
㔌ߒ㧘H-H COSY߅ࠃ߮ NOESYታ㛎ࠍ฽߻ H-NMR
ಽᨆߦࠃߞߡ᭴ㅧ᳿ቯࠍⴕߞߚ㧔╙  ⴫㧘╙  ࿑㧕㧚
ൻว‛ ߅ࠃ߮ ߩ H- ૏߆ࠄ H- ૏߹ߢߩ Hࠪࠣ
࠽࡞ߪߘࠇߙࠇߩ all-E૕ߣ৻⥌ߒߡ޿ߚߚ߼㧔Englert, 
㧕㧘╙  ⴫ߦߪ H-'૏߆ࠄ H-'૏߹ߢߩ▸࿐ߦߟ
޿ߡ␜ߒߚ㧚ࡐ࡝ࠛࡦ㎮ㇱಽߩ┙૕㈩⟎ߪ⇣ᕈൻࠪࡈ࠻
୯߅ࠃ߮ NOESY⋧㑐߆ࠄ᳿ቯߒߚ㧚ൻว‛ ߦ߅޿ߡ㧘
H-', H-', H-', H-'߅ࠃ߮ H-'૏ߩ H ࠪࠣ࠽࡞ߪ all-E
૕ߦᲧߴߡᄢ߈ߊૐ⏛႐ࠪࡈ࠻ߒߚ৻ᣇߢ㧘H-'߅ࠃ
߮ H-'૏ߢߪ㧘㜞⏛႐ࠪࡈ࠻ߒߚ㧚ߎࠇࠄߩ⇣ᕈൻࠪ
ࡈ࠻୯ߪ 'Z,'Z┙૕㈩⟎ߩ․ᓽߣ৻⥌ߒߚߚ߼㧘ൻว
‛  ߪ ('Z,'Z)-rubixanthinߣ᳿ቯߒߚ㧔Englart , 
Hengartnerࠄ , 㧕㧚߹ߚ㧘ൻว‛ ߦߟ޿ߡ߽ห᭽
ߦ᭴ㅧ᳿ቯࠍⴕߞߚ㧚ൻว‛ ߅ࠃ߮ ߪ޿ߕࠇ߽ᄤὼ
‛ߣߒߡߩႎ๔ߪߥߊ㧘ᣂⷙࠞࡠ࠹ࡁࠗ࠼ߢ޽ࠆߎߣ߇
᣿ࠄ߆ߦߥߞߚ㧚
ߘߩઁߩ HPLCߢߪหቯߔࠆߎߣ߇ߢ߈ߥ߆ߞߚ
ࠞࡠ࠹ࡁࠗ࠼ ⒳㘃ߪ㧘H-NMR, FABMS߅ࠃ߮ UV-
Visࠬࡍࠢ࠻࡞⸃ᨆࠍⴕߞߚ⚿ᨐ㧘('R)-luteoxanthin 
(ࡇ࡯ࠢ , Fig. ), (R)-fl avoxanthin (ࡇ࡯ࠢ ), (R,'R)-
auroxanthin (ࡇ࡯ࠢ ), ('Z)-rubixanthin (, ࡇ࡯ࠢ ), 
Ǭ-carotene (ࡇ࡯ࠢ ),߅ࠃ߮ ǫ-carotene (ࡇ࡯ࠢ ) 
ߢ޽ࠆߎߣ߇᣿ࠄ߆ߦߥߞߚ (╙  ⴫ )㧚
੹࿁න㔌ߒߚ  ⒳㘃ߩࠞࡠ࠹ࡁࠗ࠼ߩ߁ߜ㧘 ⒳
㘃㧔( 'R)-luteoxanthin, (R)-fl avoxanthin, (R, 'R)-
auroxanthin, (all-E)-lutein, (Z)-lutein, ǩ -carotene, 
Ǫ-carotene߅ࠃ߮ (all-E)-lycopene㧕ߪߔߢߦࠠࡦ࠮ࡦࠞ
⧎ᑯ߆ࠄߩන㔌߇ႎ๔ߐࠇߡ߅ࠅ㧔Bakóࠄ , 㧕㧘ᧄ
ታ㛎ߢ  ⒳㘃ߩࠞࡠ࠹ࡁࠗ࠼ࠍᣂߚߦหቯߒߚ㧚
㧟㧚⠨ޓኤ
ࠠࡦ࠮ࡦࠞ⧎ᑯߦ฽߹ࠇࠆࠞࡠ࠹ࡁࠗ࠼ᚑಽࠍ⸃ᨆ
ߒߚ⚿ᨐ㧘ᯍ⦡ຠ⒳ߦߪ฽߹ࠇࠆ߇㤛⦡ຠ⒳ߦߪ฽
߹ࠇߥ޿ࠞࡠ࠹ࡁࠗ࠼ߣߒߡ  ⒳㘃ߩࠞࡠ࠹ࡁࠗ࠼㧘
('Z,'Z)-rubixanthin (),ǩ-carotene, ('Z)-rubixanthin (), 
Ǭ-carotene, (Z,Z,'Z,'Z)-lycopene (), ǫ-carotene, ('Z)-
ǫ-carotene (), (Z,Z,'Z)-lycopene (), (Z,Z)-lycopene 
() ߅ࠃ߮ (all-E)-lycopeneࠍหቯߒߚ㧔╙  ࿑㧘╙ 
Table . H ( MHz) NMR data relevant to H-' to H-' position of geometrical isomers of rubixanthin and ǫ-carotene in 
CDCl
(All-E)-
ǫ-carotene 
('Z)-
ǫ-carotene ()
(All-E)-
rubixanthin
('Z,'Z)-
rubixanthin ()
Position Ǭ Ǭ ǍǬ a Ǭ Ǭ ǍǬ
' . . . . .
' . . . .
' . . . . . . 
' . . . . . 
' . . . .
' .  –. . . . 
' . . . . –.
' . . . . . 
' . . . . –.
' . . . .
' . . . .
' . . . .
' . . . .
' . . . . . 
' . . . .
' . . . .
a Isomerization shift (ǍǬ = ǬZ  – ǬE, |ǍǬ| > . ppm).
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⴫㧕㧚ߎࠇࠄߩࠞࡠ࠹ࡁࠗ࠼ߪ೨┨ߢ߽ㅀߴߚࠃ߁ߦ⿒
ߺ߇ᒝߊ㧘޿ߕࠇ߽ࠠࡦ࠮ࡦࠞߦ߅޿ߡਥⷐߥࠞࡠ࠹
ࡁࠗ࠼ߢ޽ࠆ fl avoxanthinࠃࠅ߽ๆ෼ᭂᄢ୯߇  㨪  
nm㐳ᵄ㐳஥ߦ޽ߞߚ㧔╙  ⴫㧕㧚
ߎࠇࠄߩᯍ⦡ຠ⒳ߦ․᦭ߥ  ⒳㘃ߩࠞࡠ࠹ࡁࠗ࠼
ߩ߁ߜ㧘 ⒳㘃ߪ C- ߽ߒߊߪ C-'૏ߦࠪࠬ᭴ㅧࠍ
ᜬߞߡ޿ߚ㧔-, ╙  ࿑㧕㧚৻⥸⊛ߦ C- ߽ߒߊߪ
C-'૏ߦࠪࠬ᭴ㅧࠍᜬߟࠞࡠ࠹ࡁࠗ࠼ߪᬀ‛ߢߪ㕖Ᏹ
ߦ߹ࠇߢ޽ࠆ㧚ᦨ߽ࠃߊ⍮ࠄࠇߡ޿ࠆ߽ߩ߇ࠟࠩ࠾ࠕ
㧔Gazania rigens㧕⧎ᑯߩਥⷐࠞࡠ࠹ࡁࠗ࠼ߢ޽ࠆ ('Z)-
rubixanthin ()㧔೎ฬ gazaniaxanthin㧕ߢ޽ࠆ㧔Bartlett
ࠄ , 㧕㧚ߎࠇߪࡃ࡜ߩ⧎ᑯ߿ᨐታ߆ࠄ߽ᬌ಴ߐࠇ
ߡ ޿ ࠆ㧔Eugster࡮Märki-Fischer 㧘Hornero-Mé
ndez࡮Mínguez-Mosquera 㧘Märki-Fischerࠄ 㧕㧚
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Figure .  Putative carotenoid biosynthetic pathway in petals of orange- and yellow-fl owered calendula. 
Main carotenoid components accumulating in each petals are boxed.
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